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Abstract
Background: Frailty is a common syndrome in older adults characterised by increased vulnerability to adverse health
outcomes as a result of decline in functional and physiological measures. Frailty predicts a range of poor health and
social outcomes and is associated with increased risk of hospital admission. The health benefits of sport and physical
activity and the health risks of inactivity are well known. However, less is known about the role of sports clubs and
physical activity in preventing and managing frailty in older adults. The objective of this study is to examine the role of
membership of sports clubs in promoting physical activity and reducing levels of frailty in older adults.
Methods: We used data from waves 1 to 7 of the English Longitudinal Study of Ageing (ELSA). Survey items
on physical activity were combined to produce a measure of moderate or vigorous physical activity for each wave.
Frailty was measured using an index of accumulated deficits. A total of sixty deficits, including symptoms, disabilities and
diseases were recorded through self-report and tests. Direct and indirect relationships between sports club membership,
levels of physical activity and frailty were examined using a cross-lagged panel model.
Results: We found evidence for an indirect relationship between sports club membership and frailty, mediated by
physical activity. This finding was observed when examining time-specific indirect pathways and the total of all indirect
pathways across seven waves of survey data (Est = −0.097 [95% CI = −0.124,-0.070], p = <0.001).
Conclusions: These analyses provide evidence to suggest that sports clubs may be useful in preventing and managing
frailty in older adults, both directly and indirectly through increased physical activity levels. Sports clubs accessible to
older people may improve health in this demographic by increasing activity levels and reducing frailty and associated
comorbidities. There is a need for investment in these organisations to provide opportunities for older people to
achieve the levels of physical activity necessary to prevent health problems associated with inactivity.
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Background
Frailty is a common condition characterised by a decline
in function across physical and cognitive systems and a
reduced ability to cope with stressors [1]. Frailty has
been shown to predict mortality, disability, falls and hos-
pital admissions [2] which can have consequences for
quality of life and health, care and welfare systems [3].
The concept of frailty in older adults is particularly
important in the context of worldwide increases in life
expectancy [4] and the challenges associated with pre-
venting prolonged morbidity in ageing populations.
The most common measure of frailty in published
research papers is the Fried frailty phenotype [5]. The
Fried phenotype defines frailty as the presence of three
or more of: 1) Unintentional weight loss; 2) Weakness
(low grip strength); 3) Self-reported exhaustion; 4) Low
walking speed; 5) Low physical activity. However, this
phenotype is unsuitable for use in studies examining
relationships between physical activity and frailty, as
physical activity is a component of the frailty phenotype
itself. An alternative method of operationalising frailty is
using indices of accumulated ‘deficits’ in health [6].
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Deficits can be symptoms, signs, diseases, disabilities or
clinical measures of health and/or illness. Frailty by
accumulated deficits theorises that the more negative
outcomes a person experiences, the more likely that per-
son is to be frail [7]. There are 70 deficits in the original
frailty index, but these are not a fixed set of variables
and indices are estimated to be robust when a minimum
of 30 items are considered [6]. In the presence of many
deficits, the accumulation of deficits is more important
than the specific type of deficits [8]. Measures of frailty
by accumulated deficits recognise that frailty is a con-
cept that is multifactorial, complex and dynamic.
A recent review paper [9] concluded that identifying
early predictors of frailty is essential for the development
of interventions to help prevent and manage frailty in
older adults and that this may be achieved through the
longitudinal investigation of correlates of frailty. Partici-
pation in sports and physical activity may be one such
predictor of frailty, but there has been little previous
research in this area. Meta-analyses [10] have reported
the positive effect of physical activity on individual mea-
sures of physical functioning including gait speed, mobil-
ity and balance [11]. However, the health benefits of
sports participation for older adults are less well evi-
denced. A longitudinal study of 7456 adults with a mean
age of 56 years old at baseline [12] found that regular
sports participation was associated with reduced risk of
mortality, whilst randomised controlled trials have shown
that sports participation can improve cardiovascular
health, cognitive functioning and muscle strength [13, 14].
Very little is known about the role of sports club member-
ship in promoting physical activity and improving the
health of older adults. A recent cross-sectional study has
reported associations between sports club membership
and cardiovascular health in adults aged 30–64 years [15],
but this remains and under-researched area, especially for
older adults.
Many of the health outcomes that have been found to
be related to participation in sport and physical activity
are components of frailty measures [5–7]. Furthermore,
a recent longitudinal study found that regular vigorous
physical activity was associated with reduced frailty in
adults over 50 years old [16]. Evaluations of interven-
tions have demonstrated that physical activity can be
useful in the management of frailty [17], and moreover
that physical activity interventions can reverse the pro-
gression of frailty [18]. A longitudinal study by Peterson
et al., [19] found that, compared to participants who
reported doing strengthening exercises and walking for
exercise, those who reported only lighter activities (e.g.
housework, walking to the shops or volunteer work) had
almost three times the odds of frailty at 5 years follow-
up. Cesari et al., [20] found that, in a randomised
controlled trial of the effectiveness of strengthening
exercises on frailty, the intervention group had a 10%
reduction in frailty prevalence at 12 months follow-up
relative to a control group that received an educational
intervention.
It is recommended that older adults participate in
moderate and/or vigorous physical activity totalling
150 min per week, plus strengthening exercises for
major muscle groups on two or more days [21]. How-
ever, just 51% of men and 42% of women aged 65 to 74
in England met these guidelines in 2012 [22] and data
from Sport England suggest that at 26%, participation in
sporting activities at least once per week is lowest
among adults aged over 55 [23]. Little is known about
whether infrastructure designed to support participation
in sport and physical activity influences older adults’
likelihood of meeting recommended levels of physical
activity, but membership of a sports club may contribute
through opportunities for moderate and vigorous phys-
ical activity and for strengthening exercises. Analyses of
Sport England’s ‘Active People Survey’ [24] showed that
membership of a sports club is associated with achieving
the recommended physical activity levels. Furthermore,
sports clubs are an abundant resource in England: 99%
of adults live within twenty minutes travel of a sports
facility [25]. Access to sports infrastructure is an import-
ant determinant of older adult’s participation [25], but
fewer than 20% of adults aged 55 years and older are a
member of a sports club [23]. Sports clubs may therefore
be a valuable and under-used resource for promoting
physical activity and reducing frailty in older adults.
Older adults are a population subgroup that may
benefit most from increased participation in sport, but
little is known about whether sports club membership
helps older adults to improve or maintain physical activity
levels and prevent frailty. Therefore, in this paper, we have
sought to address the following research questions:
a) Is membership of a sports club associated with
changes in frailty over time?
b) Is the relationship between membership of a sports
club and changes in frailty mediated by physical
activity?
Methods
English Longitudinal Study of Ageing (ELSA)
We used ELSA data [26] on demographic, socioeco-
nomic, behavioural and health-related characteristics
collected by household survey every two years. ELSA
participants are adults aged over 50 years old, originally
recruited from previous Health Survey for England par-
ticipants. The first wave of data collection was in 2002
and repeated measurements on participants have been
taken by household survey every two years, up to and in-
cluding and wave 7, which was completed in 2015. ELSA
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participants complete face to face surveys using computer-
assisted interviewing and self-completion surveys with the
support of trained interviewers. Further details on the
methods used to collect ELSA data have been published
previously [26].
Sports club and physical activity measures
Each wave of ELSA has three questions on physical activity
participation as follows: 1) Do you take part in sports or
activities: 1) …that are vigorous; 2) …that are moderately
energetic; 3) …that are mildly energetic. Each question has
the following possible responses: i) more than once a week;
ii) once a week; iii) one to three times a month, or; iv)
hardly ever, or never. The responses to these questions
were reduced to a binary score for each participant at each
wave to represent participation in moderate and/or
vigorous physical activity (MVPA): 1) No MVPA (no
MVPA or MVPA less than once per week); 2) regular
MVPA (MVPA at least once per week). This measure of
MVPA has excellent convergent validity with many
physical, biochemical and psychosocial risk factors [27].
Sports club membership at each survey wave was
recorded from a single item in the ELSA household
survey: “Are you a member of any of these organisations,
clubs or societies: …Sports clubs, gyms, exercise classes?”
Frailty measures
Frailty was operationalised using an index of accumulated
deficits including 60 items covering: a) self-reported diffi-
culty with 23 different daily activities; b) self-reported
general health and wellbeing; c) self-reported specific
health conditions, and; d) cognitive tests. Each item was
transformed to a value between 0 and 1 as follows: a) for
binary items (e.g. difficulty walking 100 yards) ‘1’ indicates
a deficit and ‘0’ indicates no deficit; b) for Likert scale
items (e.g. self-reported eyesight) ‘Poor’ = 1; ‘Fair’ = 0.75;
Good = 0.5; Very good = 0.25; Excellent = 0; c) continuous
variables (e.g. score on a word recall test) were converted
into quintiles and recoded as follows: 5th quintile = 1; 4th
quintile = 0.75; 3rd quintile = 0.5; 2nd quintile = 0.25; 1st
quintile = 0. All items were summed and the total was
divided by the number of items present for each respond-
ent, resulting in a frailty score for each respondent ranging
between 0 and 1. Frailty scores were calculated for respon-
dents with at least 30 out of 60 non-missing items [6].
This method of creating a frailty index has been used pre-
viously with ELSA data and a full list of items included in
the index has been reported by Marshall et al. [28] and is
also presented in Additional file 1.
Statistical analyses
All analyses were conducted in Mplus version 7.4 [29].
We limited our analyses to adults over 50 years old with
sufficient non-missing items to create frailty indices at
wave 1. This resulted in an initial analytic sample of
11,345. Of this initial sample, data were available on:
8808 participants (77.6%) at wave 2; 7562 (67.4%) at
wave 3; 6649 (58.6%) at wave 4; 6264 (55.2%) at wave 5;
5681 (50.0%) at wave 6; and, 4765 (42%) at wave 7.
Mplus uses the Full Information Maximum Likelihood
(FIML) approach for missing data, which enables the use
of all available data points, including observations with
some missing responses.
In a mediational model, the associations between the
independent variable ‘X’ (sports club membership), the
mediating variable ‘M’ (physical activity) and the out-
come ‘Y’ (frailty) were examined [30, 31]. A cross-lagged
panel model (CLPM) was used to estimate time-specific
direct and indirect ‘effects’ (see Fig. 1). The CLPM [32]
is composed of two parts: i) an autoregressive part,
where the measures of X, M and Y at time t are
regressed on the same variable measured at the previous
time (t – 1), and; ii) a cross-lagged part in which M at
time t is regressed on X at time t – 1 (path a), Y at time
t is regressed on M at time t – 1 (path b), Y at time t is
regressed on X at time t – 2 (path c, ‘total effect’), and Y
time t is regressed on X at time t – 2, while controlling
for while controlling for M (path c’, ‘direct effect’). These
path coefficients are used to estimate the time-specific
indirect ‘effects’, by calculating the product of path a and
path b. The ‘total indirect effect’ is calculated as the sum
of all indirect pathways between sports club membership
at wave 1 and frailty at wave 7 [32, 33].
The CLPM (Fig. 1) was adjusted for age, gender and
NSSEC social class, highest education qualification, eth-
nicity, whether currently living with a spouse or partner,
smoking status and employment status. Bias-corrected
bootstrapped confidence intervals were calculated for all
estimates of direct and indirect pathways in the CLPM.
Results
Descriptive statistics for a total of 11,345 respondents
across the seven ELSA survey waves are shown in Table
1. Overall sports club participation was highest at 20.8%
in wave 7 and lowest at 16.3% at wave 1. The proportion
of respondents reporting MVPA at least once per week
was similar across all waves, ranging from 61.3% at wave
2 to 57% at wave 5. The mean frailty scores recorded at
each wave were similar, with the lowest mean (0.149)
recorded at wave 1 and the highest (0.165) recorded at
wave 5. Proportions of frailty across covariates are
shown in Table 2 and proportions of missing data are
displayed in Additional file 2.
The CLPM had good model fit (RMSEA = 0.039 [90%
CI = 0.038, 0.040]; CFI = 0.905; TLI = 0.912). We found
evidence for a total indirect effect (sum of all indirect
pathways) of sports clubs on frailty, mediated by physi-
cal activity (Est = −0.097, [95% CI = −0.124,-0.070],
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p = <0.001). Estimates for all autoregressive paths of
sports club membership, physical activity and frailty
indicated positive associations between measures of
each construct at time t and time t + 1. Sports club
membership at waves 1 to 6 was positively associated
with physical activity at time t + 1 (time-specific path
a). Physical activity measured at waves 2 to 6 was nega-
tively associated with frailty at time t + 1 (time-specific
path b). Physical activity at wave 1 was not associated
with frailty at wave 2. In all five time-specific indirect
pathways examined, there was evidence of indirect as-
sociations between sports club membership at time t
and frailty at time (t + 2), mediated by physical activity
at time t + 1 (see Table 3). There was no evidence of
time-specific direct associations between sports club
membership and frailty in the CLPM adjusted for
MVPA (see Table 3).
All covariates in the model were significantly associ-
ated with frailty scores (see Table 2). Females were
more likely to report higher frailty scores (Est = 0.017
[95% CI = 0.010,0.023]) and increasing age was associ-
ated with higher frailty scores (Est = 0.008 [95%
CI = 0.004,0.011]). Higher levels of NSSEC social class
and higher levels of education were associated with
lower frailty scores. White ethnicity, being in paid em-
ployment and being a non-smoker was associated with
lower frailty scores.
Discussion
We have observed a relationship between being a mem-
ber of a sports club and reduced frailty, which is medi-
ated by increases in physical activity associated with
sports club membership. These findings suggest that
sports clubs may play an important role in helping
adults to stay active and to prevent frailty through the
increased levels of physical activity amongst sports club
members.
In all analyses there was a consistent positive association
between sports club membership and physical activity at
time-specific intervals. Similarly, physical activity was con-
sistently associated with reduced frailty measured by accu-
mulated deficits. The only exception to this observation
was the lack of an association between physical activity
measured at wave 1 and frailty measured at wave 2. The
indirect relationship between sports club membership and
frailty, mediated by physical activity was observed when
examining five time-specific indirect pathways and the
total of these indirect pathways.
The advantage of the CLPM is that the temporal
precedence of sports club membership before physical
activity and physical activity before frailty is explicitly
modelled at time specific intervals [32, 33]. However, a
difficulty is the identification of the optimal time-lag be-
tween measurements of these variables [31]. Our ana-
lyses have been limited to the time-lag between ELSA
survey waves (approximately two years) which is unlikely
be the optimal amount of time elapsed to capture the
effect of sports club membership on physical activity
and subsequently frailty. The timing of the ELSA data
collection prevents us from making inferences about the
amount of time that is required for membership of
member of a sports club, to influence frailty, through in-
creased physical activity.
To allow the examination of continuous inter- and
intra-individual trajectories in measures across multiple
time points, we also examined a Latent Growth Curve
Modelling (LGCM) approach and have presented these
methods and results in Additional file 3. The results
Fig. 1 Cross-lagged panel model to assess time-specific direct and indirect ‘effects’. Estimates (95% Confidence intervals); *P < 0.05;
**P < 0.01; ***P < 0.001
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from the LGCM also showed an indirect relationship
between sports club membership and frailty, mediated
by physical activity. However, in a mediational frame-
work this LGCM is correlational as the change in
sports club membership, physical activity and frailty are
depicted concurrently without evidence of temporal
precedence [31].
Strengths of this study include the large sample which
is representative of the population of people aged
50 years and older living in the community in England.
Limitations of the data used in this study include the
self-reported measure of physical activity. Previous
research has shown than when using self-reported mea-
sures of physical activity, older adults are more likely to
over-report physical activity levels than younger adults
[34]. The measure of physical activity used in our study
has been shown to predict various health outcomes [27],
and has been shown to be moderately correlated with
accelerometer derived physical activity in a sub-sample
of ELSA participants [35]. However, little is known about
the reliability of this measure. Furthermore, as a binary
derived variable it is not possible to examine the influ-
ence of physical activities at various frequencies, dura-
tions and intensities. This may be important in this
study as it is common in physical activity research for
more vigorous activities to be recalled more accurately
than moderate or light intensity activities [36, 37].
Similarly, the measure of sports club membership lacks
specificity. Defined as “Sports clubs, gyms, exercise clas-
ses”, this single measure does not allow us to investigate
which specific types of sports clubs, facilities, activities
and resources are the most important contributors to
increased activity and reduced frailty.
The levels of data missing in this study due to attrition
are common in longitudinal studies [38] and have been
reported in previous studies using ELSA data [16, 39–41].
The FIML approach to missing data has been shown to be
less biased than other approaches such as pairwise or list
wise deletion. However, despite this approach we cannot
rule out the risk of bias due to missing data. A further
limitation is that we cannot rule out the possibility that
there are additional confounding factors that are not
accounted for in our models.
Sports clubs may provide opportunities for the types
of physical activity most likely to prevent frailty. For
example, strengthening exercises have been shown to be
more effective in the prevention of frailty than everyday
activities such as housework or walking for transporta-
tion [19] and aerobic, resistance and flexibility training
interventions are effective in reducing frailty [17]. These
types of physical activity are likely to require support
through access to specialist equipment and facilities and
Table 2 Distribution of frailty across covariates and associations between covariates and frailty at wave 1
Covariates Mean frailty index Est 95% CI
Aged 50 to 59 years (%) 0.116 Ref
Aged 60 to 69 years (%) 0.140 0.023*** (0.018, 0.028)
Aged 70 to 79 years (%) 0.173 0.056*** (0.051, 0.062)
Aged over 80 years (%) 0.227 0.111*** (0.104, 0.118)
Men (%) 0.137 Ref
Women (%) 0.014 0.017*** (0.010, 0.023)
NSSEC - Managerial and professional (%) 0.139 Ref
NSSEC - Intermediate (%) 0.149 0.014** (0.005, 0.024)
NSSEC - Routine and manual (%) 0.210 0.038*** (0.029, 0.046)
Doesn’t live with a spouse or partner 0.129 Ref
Lives with a spouse or partner 0.183 −0.028*** (−0.035, −0.022)
White ethnicity 0.148 Ref
Non-white ethnicity 0.174 0.050*** (0.032, 0.069)
No qualifications 0.155 Ref
Intermediate qualifications 0.144 −0.035*** (−0.044, −0.026)
Higher education or above 0.121 −0.048*** (−0.060, −0.037)
Non-smoker 0.146 Ref
Smoker 0.163 0.030*** (0.023, 0.038)
Not in paid employment 0.181 Ref
Currently in paid employment 0.091 −0.088*** (−0.095, −0.080)
***p < 0.001, **p < 0.01 and *p < 0.05
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guidance or support from physical activity specialists.
Sports clubs are therefore likely to be best equipped to
provide opportunities to access the support and re-
sources required to help older adults increase and main-
tain physical activity levels. Furthermore, sports clubs
may represent an opportunity for social interaction (for
example through group activities or interaction with
staff members) and therefore may be related to cognitive
aspects of frailty indices.
Conclusions
Local authorities in England have a duty to promote
healthy lifestyles but are not obliged to provide sport
and physical activity infrastructure for their residents.
Providing sports, activities and resources that consider
the needs of older adults is a challenge for local authority
clubs that have experienced substantial cuts to their bud-
gets since 2010. Those designing interventions to prevent
frailty through increased participation in sport and phys-
ical activity should consider motivators and barriers to
sports club membership and physical activity in older
adults [42]. Furthermore, an understanding of older
adults’ predisposition to participate in sports and physical
activity will be important in the design of interventions to
prevent frailty through sports club membership and phys-
ical activity. Life-course theories suggest that accumulated
experiences across the lifespan are useful in understanding
physical activity levels in later life [43]. Important transi-
tional experiences such as retirement or life experiences
such as births and deaths of loved ones may be important
determinants of physical activity trajectories and sports
club membership. Similarly, early experiences with sport
and physical activity are likely to predict participation in
later life and influence the effectiveness of sport and phys-
ical activity interventions designed to prevent frailty. Per-
sonality characteristics have been shown to be associated
with risk of frailty and participation in sport and physical
activity [34]. Individual differences in personality charac-
teristics should therefore be considered in the design of
interventions.
Future research should use more detailed measures of
sports club membership (e.g. types of sports clubs and
types of membership) to determine those most likely to
encourage participation in heath enhancing physical
activity. Similarly, there is a need for studies that include
objective measures of the type, frequency, duration and
intensity of physical activity that will most effectively
prevent frailty.
Experimental studies are needed provide stronger
causal evidence of the pathway between sports club
membership, physical activity and frailty. Previous stud-
ies have demonstrated that recruitment of older adults
into exercise classes may be an effective method for im-
proving health through increased physical activity [44].
And, there are examples of effective interventions uti-
lising professional sports clubs as a setting for the de-
livery of physical activity interventions [45]. However,
there is a need for experimental research into the ef-
fectiveness of sports club membership for promoting
physical activity and reducing frailty. For example,
studies that randomise participants to free sports club
membership or usual care. Sports clubs are an existing
resource that may represent a cost-effective opportunity
for older adults to participate in health enhancing physical
activity. Therefore, trials to investigate the effectiveness of
sports club memberships as a method for increasing
physical activity and reducing frailty in older adults are a
research priority.
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